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13 ABSTRACT (Maximum 200 words}
A series of surveys were conducted in southeastern Louisiana during the

spring and summer of 1990 to characterize the assemblage of herblvarous insects
impacting waterlettuce. These surveys were considered an important first step
prior to the rclease of Neohydronomous affinis in lLouisiana. an exotic weevi]
imported to the United States for the management of waterlettuce  The two mos:
commonly encountered herbivorous insects were the two polvphageus lepidopteran
species, Samea multiplicalis and Synclita obliteralis Other herbivorous insect
species collected included Draeculacephla inscripta (leafhopper) and Fhopalos:.
phum nymphaeae {aphid). While these species apparently inflict minimal plant
damage they may be important for their role in disease transmission  Neohvdron-
omous affinis was also collected from several sites within a 50-mile circle from
Lake Verret to east of Lake Beouf. The collection of N. affinis was surprising
since the closest release of N. affinis was In Gainsville. FL. more than
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13. Concluded

500 miles away  Populations of ¥ afficiy are persisting as i
relatively high levels occurring for Xtwo growing seasvny  Exp
the presence of N, affinis in scutheastern Louvislana are unknown
able that it was accldently released from infested plants Lrought
release areas.




The work reported hereln was conducrted as par? of The Agualic Flant
Control Research Program (APCRP) . Work Unit $2a0s The APUBY i35 spenscfed by
the Headquarters, US Army Corps of Engloeers (MOUSACE! and §s assighied o Ihe
US Army Engineer Waterwvays Expsriment Starien {(WES; under the putrviev vf tlhe
Environmental laborarory (EL) Funding was provided under Usparisment of the
Army Appropriation Mo 96X3122, Clonstruction Cenersl The AFURF 13 sanaged
under the Envircnmental Resources Rescarch amnd Assistance Frogrsams (EXMAP
Mr. J. L. Decell, Manager Mr Robert ¢ Cunkel was Assistant Manager FERAP
for the APCRP Technical Monitor during this study vas Ms  JDenlse White
HQUSACE

The informatlon presented ln this repor? on o

o

e slatyus of Liccoptrel in
Louislana and Texas was taken from a series of studivs underiaken by WES
between 1990 and 1991  This report waz preparsd by Or Michael ] Crodowitr
of the Aquatic Habltat Croup (AHG), Envirorpental Resources Division (ERDG.
EL. and Drs. Willlam Johnson and Lois Nelson of Nicholls State Unjverzity,
Thibodaux., LA. During the conduct of these studies. Dr John Hartison was
Director, EL, Dr. C. J. Kirby was Chief L ERD. and Nr Fdwin Theriol was Thief
AHG .

At the time of publication of this report, Director of WES was

Dr. Robert W. Whalin. Commander was (0L lLeonard ¢ Hassell K EN

This report should be clited as follows:

Grodowitz, Michael J. , Johnson, William, and Nelson. lois D 397
"Status of Biological Control of Waterlettuce in louisiana and Texas
Using Insects.” Miscellaneous Paper A-92- 3, US Army Engineer Waterwavs
Experiment Station, Vicksburg, MS
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1. Waterlettuce, Plstia stratiotes L | is a free fleating agyuatilic plant
from the Arum family, Araceae It i3 charactertized by having & telalively
short stem where the leaves attach {n wvhorls The plant has & distitwtive
light yellow-green to gray-green coloration The leaves ate cuveted with s
fine pubescence and are typleally enlarged basally by the forsation ol selen
chyma cells. This enlargement and the well -developed roor svates vork
together to malntaln plant buoyatcy While the sslority ef reptoductien
occurs vegetatively where daughter planis aste prodursd viae stoloens, sexual
reproduction lx now known to ogcur in the United %fates (lray and Certer
1990). The plant has one of the highest productivity vates for green plants,
and minimal numbers of plants can quickly reproduyce and cover an sntire valss
body. In the United States, waterleftuce usually forms dentise floating mats
where individual plants are highly intertwined, forming an almce! impenstvable
barrier.

2. Waterlettuce i3 mainly distributed in tropical and semittopical
regions of Afri{ca, southern Asla. southern United $tates, the southern portion
of Central America. and South America, as well as the Caribhean (Holm ot al
1977). Its extreme cold intelerance appesrs to severely limit {15 dlatribu.
tion in more temperate regions. In the United States, waterieliuce ix lisited
to southern Florida. Louisiana, and Texas it can be found in most slow.
moving or stagnant water bodies, including canals. bayous, streams. ponds. and
lakes.

3. The high productivity of waterlettuce and {ts ability to form large
impenatrable floating mats can cause many problems (Holm et al 19771  Navi-
gation is severely curtailed on water bodies containing large infestations of
waterlettuce. This, in turn, can reduce recreational uses Waterlettuce can
block water intake valves where industrial and local municipalities receive
water supplies. Water losses appesr to be higher where waterlettuce infes-
tations occur because of increased evapo-transpiration through the leaf
surfaces. Waterlettuce has been shown to {mpact aquatic or semlaquatic agri-
culture, includi, z rice (Bua-ngam and Mercado 1975). Distinct changes in

water quality have been documented in areas beneath or near waterlettuce mats
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(Attiou 1976; These Include lowered pH and dlssclwed oxygen  Such Jhanges
in water quality can have & significant lepact ot lvial fishk populations
particularly under conditions of high temperatutes

4. Another economlcally imporzant probled vaused Ly the presefue of
waterlettuce 18 the formatlon of an tdeal wosqulty breeding habllar (Holm et
al. 1977y While other floating aquatic planis serve in this capacity,
waterlettuce apparently attracts high rnusbers of speiles vapable of discase
transmission, For example, waterlettuce tafestalivrs hasbor species in the
genera Mansonia and Anopheles (Ueorge 1941 Several specles In these getiers
have been shown to transmsit the causstive agents fof nalatia, crweophslomyel!
tis, and rural filarlasis However, harborage is no! the only menmer in which
wateclettuce Incresser population levelas of avsguitves The siaburiate oot
system of waterlettuce also provides Mansonia ap larvae a awane for axygen
uptake. Larvae have polinted alr tubez that enable thes 1o pletce watetieffuce
roots for cxygen uptake (James and Harwood (970}

5. Because of the manifold probless sssoclated with vatetiettuce
infestactions and difficulty {n treating waletietiuce with herbicides,
researchers began to search for viable alternatives to aote traditional meth
ods for the control of waterlettuce One alternative i{dentified was the use
of {nsect blocontrol agents.

6. During the early 1970°s, researchers in Argentina {dentifi{ed a
potential candidate for blologlical control of waterlettuce, the weevil Keohy.
dronomus affinis Hustache (Deloach, Deloach, and Cordo 19763 After complet.
ing considerable work on the {nsect’s basic bilology and efficacy, these
researchers concluded that the weevil wvas ideal for use as a blocontrol agent

7. Researchers from the Commorwealth Scientific and industrial Research
Organization imported N¥N. affinis {nto Australian quarantine {n 1981 [(Harley et

t7

al. 1984) and subsequently made fleld releases the following vear. Wateriet.
tuce reductions of 100, 93, and B2 percent were achieved at three reservoirvs
in only 20 months.

B. Using information on host specificity gained in Australia,
N. affinis was brought into United States quarantine in 1985  Building upen
the host specificity testing done by the Australians. United States testing
was finished relatively rapidly, and permission to field test ¥ affinis was
subsequently obtained in 1987 (Dray et al. 1990, Habeck and Thompson, In

Preparation).




9. The firer release of ¥ affinis itn the Unifed Stafes vivutfed af
Kreamer lsland on lake Okeechobes (FPals Beach (County; FL  during Apvil (98’
(Dray et al. 1990). Approximarely 2 300 {ndividuals vetec telecased during the
period April 1987 through Jamuary 1988 Addizional tcleancs foullowed and to
date, N. affinls has been released ar more than U sites throughout Flotlds
(Center and Dray, In Preparatton)

10. Neohydronomus affinis population dynamicvs amt charges in wateflst
tuce levels appear to be correlated For example, ar Kreamer lsland only
minimal numbers of N affinis occurred for the firat JU sonths after the ing
tial release. During these 70 months, plant coverage Irpically femalned a:
between 60 and %0 percent However, with subsequen? lowreases in the pupula
tion of N. affinis population numsbers during January 1949 through May 1990

il e

doe

significant decreases {n plant coverage resulted Currentiy. wates
coverage remains below 5 percent at this slte (Uray et al 19903 ¢ To date
waterlettuce has been eliminated from three oul of the four intttal ¥Fiorids

release sites.

Qhiesslivea

11, Because of the apparent success of using ¥ affinis {n Flotida,
research was (nitiated to study the potential use of this specien in louisiana
and Texas. Specifically, areas {n lLoulstans and Texass were surveved in an
effort to qualify the lmpact native {ngect specles have on waterlelture infes.
tations before making large-scale relesses of ¥ affinis The following is a

summary of the findings from those surveys,

Methods and Matexiels

12. During the spring and summer of 1990, extensive survevs wvere con.
ducted in Louisiana and Texas to deteraine the kinds of native herbivorous
insect specles impacting waterlettuce populations. The survevs wvere similar
to those conducted in Florida during 1986 (Dray et al. 1988) and were consid-

ered an important step prior to the release of ¥. affinis in these aress.

* Persor.al Communication, F. A Dray, United States Department of
Agriculture-Agricultural Research Service (USDA-ARS), Aquatic Plant Manage-
ment Laboratory, Fort Lauderdale, FL.




Loulsiana
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waterlertuce were examined during 1990 gnd 1991 TabLilic
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ite 3lfce wele
locared from {mmedliately east of New Oriesans proceeding wesl (v lake i(hatlies
and south to Lacassine Hefuge and Pecan Islamd ALl kiowh walerieftuie lnfos
tations were examined. Much of the i(nforfmation vt walerlelluce 31763 was
obtalned from personnel of the US Army Englnser District  New iglicate
Texas

ld. Warterletruce was less common (o Texas Tee US Atamy Enginmeer Uils

telct, Calveston, ard Texas Park ard Wildltfe persvinel repurted only o

sites to contaln waterletfuce These vanged from east and south of Austin o
just southeast of Houston, TX The populations wefe alng: with fhe esceplion

of those locared at Brazos Bend State Park

135, At sach slte, waterlettuce plants weie temoved and varefully czan
ined for signs of damage Suspeet {nsec! herbivores wets removed, pleserved
{nn 70 percent ethanol, and transporisd to the US Army Frngineer Watetwarvs
Experiment Statieon for ldentification 1 a specifie fdentification could nat
be cbtalned, representative specimens were sent to aspeciallisis for each malor
taxon, For the aquatic weeviis, specimens were sent o Dr Charife U Briern at
Florida Agrlcultural and Mechanical University at Tallahaszee,  aquatic lept
doptera were sent to DUr. Dale Habeck at “he University of Flarida, Cainsviile
For the remaining taxa specl{es. names were given hazed on Informazion chtained
from surveys conducted in Florida,

16. For several sites near Thibodaux. 1A, more guantitative estisstes
of plant status and insect levelx were determined for 3 months during the
summer and fall of 1931 A total of four replications were Taken from earh
site. For each replication, at both Choctaw and ¥inn-Dizie sites. twe 0 7% m°
frames were randomly placed asdjacent to one another within the site. and all
plants that were 30 percent or more within the frame were removed For the
first frame, all plants were counted and their biomass partitioned into above-
water, below-water. and total desd material. For the remaining frame, plants
were counted and placed into large Belese funnels for extraction of insects
After the plants were totally dry, the extrscted herbivorous insects were

quantified. Two parameters were calculated from the previously mentiened

information--weight (grams)/plant ard number of weevils/plant.
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17. A majority of the sites esamined 1o both loulsiatia arad leras
contalned waterletiuce that appeared fo be damaged by herhlvaoles To suvike
extent. The acst common damage gave the planis the appeastative «f Lelhg shied
ded, L &, lrregularly shaped holes running roughly pataliel 1o (Tie promsiact
isaf veins Ar several sltes, the plants had lagge zegulariy shaped holes

toward the leaf margin This dasage was Coussd by the SUSt @ omey:. hallve

insect herblvores, Samea mulriplicalis sl Syneiiza ohlifcralis Theso
medius-s{zed moth larvae appear able to tefllcr significant danage 5 mipe &

multiplicallys, the mosr common, was found 4% %% gervent wf the alfies énanined

(Tables | and 2 It was frequently vollectied In latge rramberas Ita danaps
as Indicated warlier, gave the plant an appeavance of belog shrsdided Sy

clita obliteralis wax less Fregquentiy collevied however 31 alfes whete i
wvas found, the plants were heavily damaged  Damage war chajacterized by latge

holes (n the leaf margin, whicvh are thought To be ured ax a froter?ive (ove:

ing for the larvar. Thess spreles evidently can borh fesd and develop
entirely on waterleltuce (Knopf and Habeck 1978, Deleoack slnach. Toide
1979). Both § aultiplicallis and § oblireralis wate foursd at sitesr through.

out southern Florida (Dray et al 1988 Dhservatinna, data {rom Viecrida,
Loulsiana, and Texas indicate that, while both species can inflirt great dan
age to waterlettuce, they rarely cause significant declinee in population
numbers .

18. The remaining "{mportant” insect herbivores found on waterietture
are most likely transient species that do not usuasllv feed on waleriettuce

For example., the two weevil species. Tanyspvrus lemnae and Stencpelmis 1fina

sus, are known to feed and develop on lesma miner and Saivinia sp . tresper

4
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tively * These weevi] species are most likely transient. the mnst 1ike]
reason for their appearance on waterlettuce is that both [ wmincr and Sajvinis
sp. are often found in asscciation with waterlettuce  However, hath ingect
specles have been observed to feed on waterlettuce, although damage was rels-
tively minor compared with the two moth species.

19. The surveys also documented that large numbers of Draeculacephsia

inscripta (leafhopper) and Rhopslosiphum nymphaeae {(aphids) wetre common. Only

* Personal communication, Dr. C. O'Brien, Florida Agricuitural and Mechanica;
University, Tallahassee, FL.




minimal feedicyg Jdamage a3 a resul? of These vie.les was vissived Tese Twe

fnsevt specles dfe 0! lupuifaive Levawse vlwsely felaTed speiles fave foed
implicared Lo diseases tracsmlasiun fof varlovus plant spedles (Biriot Lelatig

and Triplehora 1990

20 The mos? unespeited Pindlayg vas the Tied w8 allisly inudl
a ; P S, e fiw oy 5 . . " :
viduals (o relatively titgh densitles -0 tndividaals s foom asevefa: 2iles
. 5 . Yoagigd . 3 ey
Lee goutheastern Loulslana During 1990 - Takle U le was et sajpedied sifne

N oafriniy was fever offleolally released and [imifed «uwileciin. cffurts by
othey reswarchers Lo the pas? dld nof Yeveal "he pieserwe wf N affiniz i1
this area Ihe asurwey %lftes where ¥  arfiriy was voliecied wicutzed within ar

approximate G0 miie

Lake Beout Neohydromias alZinis was 1ol cuiiected fFiom any sifes wes?t of 2le
Atchatalayas Basin Thie relatively bhigh devosities of ¥ arfinis irdicate that

the population may have beeti present I8 T5is atea for at léas? | 'o [ vears

teieaten nhserved at

e
-
s
;]

based oo information on population dynamivs ¥fter Lni

Australla and Florida slres ¥

21 The N affinuy populations apparentiy had persisted through the
fall of 1991 OQuantitative estimalez werse made of plant popuiat. = “evels at

two sltes and insvcs populatlon levels af four southern I uylatana sites from

i

July through September 1931 (Tables 1.3} Three of the faur zites were ¥now.
to have N atfinis present (Thoctaw, Stockvard, and Jern Fanch: hased on the
1990 surveys, while ¥ affinis was oot collected at the Winn Disie site

Insect numbers ranged from 100 to 300 adults /®° at these three sites  Weevi]
numbers at the Chocraw site remained relatively stadbie thrayghout the sanpling
period. Significant {ncreases occurred at the Stockvard site, abour threefold
from July to August 1991 This transiated to an increase of about one to
less than three individuals per plant. Nechvdroncois affinjie adults were not
collected at the Stockyard site during the September collection Similariy,
no adult weevils were collected at the Zero Ranch site foilowing the Iulvy
sampling.

22. The levecis of ¥ affinis apparvently btad little impact on the plant
populations. For example. the Choctaw site, which averaged about 700 adult

weevils/m?, had plants that increased significantly i{n weight {{ e , about

severifold; Tables 3 and 4). Similarly., the Choctaw site had an approximate

* Personal Communication, F. A. Dray, USDA-ARS, Aquatic Flant Management
Laboratory, Fort Lauderdale, FL.




sevenfold increase in above-water blomass from July fo August (Table >: This
is in contrast to the no-insect site (Winn-Dixle), where above-water bilomass
remained relatively stable during the July and August sampling (L e , & kgs/o®)
with significant increases occurring during the September sampling period of
ca. twofold.

23. Based on information on plant and lnsect population levels gathered
at Florida sites beginning in 1987, significant impact because of N afrinis
did not occur until insect levels exceeded 300 individuals/w’ for sustained
periods . * While such levels were attained at the Stockyard site during the
August sampling, numbers of insects were drastically reduced the following
month. At no other site did insect numbers exceed 250/®°.

24. A complicating factor was the presence of native or naturalized
insect herbivores found in association with waterlettuce  The most commonly
collected species was S. multiplicalis. This speclies averaged approximately
2,000 to 4,000 individuals/m® compared with only 300 {(ndividuals/m® for Winn.
Dixie during the July and August sampling period. However, numbers at the
Winn-Dixie site increased substantially for the Septeaber sampling to approxi-
mately 5,000 individuals/m?. It is unknown why higher total fnsect herbivores
were found at the Choctaw site during the July and August collections; how-
ever, this may be related to the proximity of the site to sugarcane fields
surrounding the bayou at Winn-Dixie. Pesticide applications in these fields
during July and August may have contributed to the lower numbers of S. multi-
plicalis found at the Winn-Dixle site.

25. Reasons for the presence of N. affinis in lLoulsiana are unknown.
Possible explanations include: (a) N. affinis populations were already estab-
lished in Louisiana prior to the Florida releases, (b} N. aff.nis migrated
from Florida sites naturally, and (c) infested plants from Australia or some
other country were distributed into this srea. However, little credence can
be given to these explanations. For example, past collections by researchers
during the early 1960’'s in the west-Louisiana/eact-Texas area did not reveal
the presence of N. affinis. Hence, it is difficult to believe it was present
in the United States prior to {ts release in Florida. While N. sffinis can
disperse relatively rapidly from original release sites, the large distances

covered (i.e., from Florida to Louisiana) in such short time periods are

* Personal Communication, F. A. Dray, USDA-ARS, Aquatic Plant Management Lab-
oratory, Fort Lauderdale, FL.




unrealistic, especlially considering the lack of substantial waterlettuce
populations in the panhandle of Florida and the extreme southern porcions ot
Alabama and Mississippi that would ald in their distribution Similarly, the
odds of infested plants reaching lLoulsiana intact from Australia or South
America Is low. The most plausible explanation {s that plants infested with
N. affinis from Florida release sites were accidentally distributed into this
area. However, even this explanation has litrle grounds for complete sccep:
tance. For example, the number of release sites with stgnificant population
densities of N. affinis was stlll low at Florida sites during 1988 and 1989
(Dray et al. 1990). Infested plants would have had to be transported during
this period for Iinsect densitles to reach such high levels by summer 1990 in
Louisiana. Hence, the odds of removing Infested plants from Florida with
sufficient densities at that time would be low. Other reasons for the pres-
ence of ¥N. affinis in Louisiana are being considered.

26. Omne plece of evidence is important--N. affinis appears to be lim-
ited in its Loulslana distribution. This distribution (s confined to an area
between Raceland, LA, and the Atchafalaya Basin. One would think that {f ¥,
affinis has been In Louislana for an extended pericd, its distribution would
be more extensive. Such a small range in Louisiana would lend credence to the
idea that N. affinis has been in the state for only a relatively short time

frame. More information is needed on the population dynamics of N. affinis.

Future Directions

27. In the immediate future, the distribution of N. affinis in the
United States waterlettuce range, specifically in Louisiana and Texas, will be
enlarged. This will be accomplished by moving infested plants from Florida
and Louisiana to areas where N. affinis {s not currently present. Greenhouse-
reared individuals will be used to supplement such range extensions whenever
possible. Efforts will also continue to monitor N. affinis populations dynam-
ics and correlate these with shifts in waterlettuce infestation levels. This
is currently being accomplished in Louisiana and will continue. A release of
N. affinis was made in southeast Texas at Lake Dunlap during September 1991,
and limited observations will continue to be made on the insect's population
dynamics. Additional releases are now being considered.

28. 1In October 1990, Namangana pectinicornis was officially released

from United States quarantine facilities. Releases were made at several sites

10




during 1991. Namangana pectinicornis is a relatively large moth capable of
inflicting large amounts of damage on waterlettuce (Thompson and Habeck, In
Preparation). Creenhouse studies have indicated thar {t s highly effective
in producing damage. Future plans include releasing ¥ pectinicornis at sev-
eral south Florida sites, with subsequent monitoring of population levels and
efficacy. If this species proves to be effective at initial Florida release
sites, larger scale range extensions will be attempted in Florida and then in

Louisiana.

RUMEBALY

29. Diverse assemblages of native insect herbivores, similar to those
found in Florida, feed on waterlettuce {n Louisiana and Texas. These include
the moth species, S. multiplicalis and S. oblireralis. While these species
can inflict targe quantities of superficial damage, they do not appear to be
capable of reducing population densities. Two native weevi] species, 7. lem-
nae and S. rufinasus, commonly collected from waterlettuce, are known to feed
and develop on L. minor and Salvinia sp., respectively. These species are
most likely transient on waterlettuce because it grows in assocliation with
L. minor and Salvinia sp. While these specles have been observed to feed on
waterlettuce, they inflict only minor damage. The exotic weevil species
N. affinis was collected from several sites in Louisiana at relatively high
population densities. This is surprising since this species was never offi-
cially released in lLouisiana and the clo<est release sites were in the Gaines-
ville area of Florida. Population densities of >70 individuals/m® indicate
that the species has been present for at least several years. Reasons for its
presence are unknown but are probably due to infested plant material arriving
from Florida. Population dynamics are currently being monitored in an effort

to assess impacts.
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Plant Density (oumber of planis /sysaie geles’ and weigh! _glams
Plant ftoy Waterlettuce at Choctaw (U¥) avd Wint-Dixie - wi  bites
during July. August. aud Seplesber 193]
. Fagamelsi
Pensley . o
Menth SR S 1 ML
July 125 .0 v T 0y HO R R T
August 136 0 x» P00 Uy 4 0 s ooy,
September 131.0 xy %2 0 x 3 6 ve o x
Mote: Means thart are significant at P « 4 0% are indluated by Sifferent
letters or an asterisk using a leasy Signtficant Differenie test hLased
on the standard error of the mean from the overall asalysis u! vari
ance. An asterisk {ndiraves significant differences acruoss sampling
sites for a glven month, while X and ¥ arve used for a given site arross
months. Appropriate statistics for plant densizy are P ~ & 311 and
standard error of the mean - 7 71, for welght /plant stallistivs ate
P < 0.0001 and standard error of ihe mean « O 007
Table 5
Total Wet Weight (kilograms/sguaxe meter) of Watexleituce Faililienes
Lhostayw (CF. and
BMW&MJW@R&MW&W -
Partitioned Welghs
ve-w Below-Water RPead
Month —CK —¥D . WD cK. WD
July 1.12 c» 4.47 b .13 b D 24 b ) 67 b 1.%59 &
August 7.30 a* 4.57 b 1.70 a 1.70 a 1.7% a* 024 b
September .40 b* 7.13 a 1.30 a* 1.84 a 1.02 ab 1.18 o
Note: Means that are significant at P < 0.05 are indicated by different let-

ters or an asterisk using a Least Significant Difference test based on
the standard error of the mean based on the overall analysis of wvari-
ance. An asterisk indicates significant differences across sampling
sites for a given month, while a and b are used to indicate significant
differences for a given site across months. Appropriate statistics for
above-water blomass are P < 0.0001 and standard error of the mean =
0.42; for below-water biomass, P < 0.0001 and standard error of the
mean = 0.16; and for total dead biomass, P < 0.0001 and standard error
of the mean = 0.25.




